Context It is unknown whether patients are at increased short-term risk for adverse events following clopidogrel cessation.
R ANDOMIZED CONTROLLED trials have established the efficacy of clopidogrel therapy following hospitalization for acute coronary syndrome (ACS) for patients treated either medically or with percutaneous coronary intervention (PCI). [1] [2] [3] The average duration of clopidogrel treatment in the Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) trial was 9 months following hospital discharge. 1 Current cardiology guidelines recommend clopidogrel therapy for at least 1 month and ideally up to 1 year for patients treated medically or with a bare metal stent, and at least 1 year for patients treated with a drug-eluting stent following hospitalization for ACS. 4 These recommendations are categorized as class IA, indicating the highest level of evidence support.
While clopidogrel has been shown to be efficacious for patients with ACS, we sought to evaluate whether there may be a "rebound effect" or concentration of thrombotic events shortly after stopping treatment with clopidogrel.
Several factors raise this hypothesis. First, a clustering of adverse events has previously been reported after cessation of long-term aspirin therapy as well as after cessation of heparin therapy in patients with ACS. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The proposed mechanism for these events is thought to be a transient hyperthrombotic state after stopping drug therapy. 6 Similarly, there have been reports of thrombotic events after thienopyridine cessation among patients receiving coronary stents, particularly drug-eluting stents. [15] [16] [17] Yet these events have largely been attributed to stent-related mechanisms, particularly incomplete neointimal repair with a drugeluting stent rather than a rebound hypercoagulable state. 15 To date, we are unaware of any prior studies of possible clopidogrel rebound event clustering among patients not receiving a coronary stent.
Accordingly, we assessed the incidence and timing of mortality or acute myocardial infarction (AMI) after stopping treatment with clopidogrel in a national cohort of patients with ACS. Specifically, we evaluated for clustering of events after stopping treatment with clopidogrel in medically treated patients with ACS without stents. For comparison, we also assessed the incidence and timing of death or AMI among those patients with ACS who received PCI. Finally, we assessed the association between duration of clopidogrel therapy and event rates after stopping treatment with clopidogrel.
METHODS
Data for this study were collected as part of the Department of Veterans Affairs (VA) Veterans Health Administration Cardiac Care Follow-up Clinical Study, which uses national data from the Veterans Health Administration External Peer Review Program for quality monitoring for a variety of medical conditions and procedures, including AMI and unstable angina.
Starting in 2003, the records of all patients discharged from a VA hospital with AMI or unstable angina were abstracted as part of a national VA cardiac care initiative. All patients with In-ternational Classification of Diseases, Ninth Revision, Clinical Modification diagnosis codes 410.xx and 411.xx were identified from the VA Patient Treatment File, and their records were manually abstracted by trained abstractors using standard reporting forms. Additional details of the study methods have been published. 18
Patient Population
All patients with AMI or unstable angina as documented by standard electrocardiographic criteria, elevated troponin levels, and other clinical evidence, who were discharged with posthospital treatment with clopidogrel from any 1 of 127 VA medical centers between October 1, 2003, and March 31, 2005 , and who remained event-free during clopidogrel treatment were included. We excluded patients who had an adverse event while receiving clopidogrel therapy; these events were not related to a potential rebound phenomenon because clopidogrel therapy had not been stopped. Patients admitted with other primary medical conditions but who developed AMI during their hospitalization or who had a perioperative MI were included if they survived to hospital discharge and were prescribed clopidogrel at discharge. Patients who were transferred into VA hospitals from other medical facilities were excluded because important baseline data, PCI procedural details, or both were not available. Since 2003, race and ethnicity data have been collected by the VA and are self-reported by the patient. Patient selfreport has been found to have high agreement with observer-recorded race/ ethnicity data. 19 
Clopidogrel Use and Clopidogrel Cessation
Clopidogrel use was assessed using the Veterans Health Administration Pharmacy Benefits Management database, which records the date dispensed and the number of days supplied for each dispensed medication. In our primary analysis, the last day of clopidogrel use was based on the date of the last pre-scription refill plus the number of days supplied for that refill. Therefore, duration of clopidogrel therapy was calculated from the day of hospital discharge to the last clopidogrel refill date plus the number of days supplied for that last refill. 20, 21 
Outcomes
The primary outcome was the combined end point of all-cause mortality or AMI hospitalization following cessation of clopidogrel therapy. The VA vital status file was used to determine vital status after stopping treatment with clopidogrel. 22, 23 This file has 98.3% sensitivity and 97.6% exact agreement with dates when compared with the National Death Index. 22 The AMI outcome was based on a primary discharge International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code of 410.XX for any hospitalization within the VA after stopping treatment with clopidogrel. 24 Vital status information was available after hospital discharge on all patients through January 31, 2007.
Statistical Methods
The primary objective of the analysis was to assess the incidence and timing of adverse events after stopping treatment with clopidogrel among medically treated ACS patients without stents. First, unadjusted incidence rates for all-cause mortality or AMI were calculated for each 90-day interval after stopping treatment with clopidogrel. Differences in incidence rates between time intervals (eg, 0-90, 91-180, and 181-270 days) were evaluated using the Fisher exact test. Pharmacy data on clopidogrel use were available until September 30, 2005, and patients still taking clopidogrel at that time were censored because we were unable to determine the exact clopidogrel stop date.
Second, we constructed multivariable Cox regression models, adjusting for total duration of clopidogrel treatment and all other covariates listed in TABLE 1 to obtain risk-adjusted instantaneous incidence rates using kernel hazard functions.
Third, to assess the association between time interval after stopping treatment with clopidogrel and risk of adverse events, we used Poisson regression to calculate incidence rate ratios (IRRs), adjusting for all Table 1 variables including duration of clopidogrel treatment. In these models, the primary independent variable of interest was the risk of adverse events in the first interval of 0 to 90 days after stopping treatment with clopidogrel compared with the interval of 91 to 180 days.
To further assess the robustness of our findings, we performed a series of additional analyses. First, we assessed the in-cidence of the AMI outcome only to assess whether the clustering of events after stopping treatment with clopidogrel was specifically associated with cardiac events. Second, we assessed the association between time interval after stopping treatment with clopidogrel and outcomes in prespecified subgroups: (1) patients taking clopidogrel for 3 months or less, 6 months or less, and at least 9 months following ACS; and (2) patients with diabetes because a prior in vitro platelet study demonstrated rebound platelet activity in individuals with diabetes and coronary disease following clopidogrel withdrawal. 1, 25 Third, due to concerns that medication adherence behavior could explain in part any association between medication use via pharmacy refill data and outcomes, we included adherence to statin medications as a covariate in our multivariable models. Statin adherence was calculated using the method of the proportion of days covered and adherence was categorized as high (Ն0.80), intermediate (0.60-0.79), and low (Ͻ0.60). 20 Fourth, we performed several sensitivity analyses around the clopidogrel stop datebydrawing(1)a10%randomsample and changing the date by ±15 days from the stop date used in the primary analyses; (2) a 10% random sample and changing the stop date by ±30 days; and (3) a 20% random sample and changing the stop date by ±15 days. The findings of these sensitivity analyses around the stop date did not change our primary results and therefore are not reported further. Fifth, because bleeding events have been associated with higher rates of adverse events and can be associated with clopidogrel cessation, we excluded patients who had any outpatient or inpatient code for bleeding following their index ACS hospitalization (follow-up through September 30, 2005) .
Sixth, to further address potential patient characteristic differences between those who took longer vs shorter courses of clopidogrel, we performed a matched propensity analysis based on the characteristics in Table 1 between those who took clopidogrel for 6 months or less or more than 6 months. We then evaluated the rate of adverse events in the time intervals after clopidogrel cessation (ie, first 90-day interval after stopping treatment with clopidogrel compared with the interval of 91-180 days) among patients who took clopidogrel for 6 months or less and for more than 6 months in the propensitymatched cohort. Finally, because the rate of death or AMI during treatment with clopidogrel can serve as a reference, we compared the rate of adverse events following index ACS discharge while patients were taking clopidogrel with the rate of adverse events after stopping treatment with clopidogrel. Analyses evaluating the incidence and timing of events after stopping treatment with clopidogrel were then repeated in the PCI-treated patients with ACS to allow comparison of patterns of event clustering and magnitude of risk with the medically treated ACS patients after clopidogrel cessation. All analyses were conducted using Stata version 9.0 (StataCorp, College Station, Texas). The Cardiac Care Follow-up Clinical Study was approved by the University of Washington's human subjects committee and the Colorado Multiple Institutional Review Board.
RESULTS

Medically Treated Patients With ACS
Of 8095 patients hospitalized for ACS during the study period and who received medical therapy only (ie, no PCI), there was documentation in the chart that 3425 patients (42.3%) were to be discharged with posthospital treatment with clopidogrel. Of these patients, 2475 (72.3%) filled their prescription for clopidogrel through the VA outpatient pharmacy. Refill prescription data were available for all of these patients. During follow-up, 1568 patients stopped treatment with clopidogrel and were event-free prior to stopping, yielding the medically treated patient cohort for the study.
Baseline characteristics of the medically treated patients are shown in Table 1 . The mean (SD) age was 66.0 (11.7) years, and these patients had a high prevalence of cardiac history and other chronic medical conditions. The mean (SD) duration of clopidogrel therapy following hospital discharge among the medically treated patients was 302 (151) days and the median was 310 days, with 80.1% of patients taking clopidogrel for more than 3 months, 66.2% taking clopidogrel for more than 6 months, 52.1% taking clopidogrel for more than 9 months, and 34.8% taking clopidogrel for more than 12 months.
Mean (SD) follow-up after stopping treatment with clopidogrel among the medically treated patients was 196 (152) days; median was 155 (interquartile range, 98-254) days. All-cause mortality (n = 155) or AMI (n = 113) occurred in 17.1% (n=268) of patients, with 60.8% (n=163) of events occurring during 0 to 90 days, 21.3% (n=57) occurring during 91 to 180 days, and 9.7% (n=26) occurring during 181 to 270 days after stopping treatment with clopidogrel (FIGURE and TABLE 2) .
The incidence rate per 1000 patientdays of follow-up during each 90-day interval after stopping treatment with clopidogrel was 1.31 (95% confidence interval [CI], 1.12-1.53 for 0-90 days), 0.69 (95% CI, 0.53-0.89 for 91-180 days), and 0.64 (95% CI, 0.44-0.94 for 181-270 days) (P Ͻ .001 for comparison between the 3 time intervals). In multivariable analysis, including adjustment for total duration of clopidogrel treatment, the interval of 0 to 90 days was associated with significantly increased risk of adverse events after stopping treatment with clopidogrel compared with the interval of 91 to 180 days (IRR, 1.98; 95% CI, 1.46-2.69) (TABLE 3) .
The findings of an increased risk of adverse events associated with the interval of 0 to 90 days were similar when the AMI outcome alone was evaluated (IRR, 2.39; 95% CI, 1.50-3.82). In addition, the increased risk for 0 to 90 days also was consistent among patients taking clopidogrel for 3 months or less, 6 months or less, 9 months or less, or more than 9 months after ACS hospital discharge (Table 3) . Moreover, the findings were consistent for patients with and without diabetes ( Table 3) .
The majority of patients had high (36.2%) or intermediate (43.3%) levels of statin adherence; and the findings of increased adverse events associated with the interval of 0 to 90 days after stopping treatment with clopidogrel was consistent even after adjusting for statin adherence. A total of 326 patients (20.8%) had 1 or more outpatient or inpatient codes for bleeding during follow-up after their index ACS admission. In sensitivity analysis excluding these patients, the increased event rate in the initial 90-day interval after stopping treatment with clopidogrel remained consistent. Further, in the propensity-matched cohort (n=1018) analysis, the rate of increased adverse events associated in the initial 90-day interval following clopidogrel cessation compared with adverse events in the subsequent interval of 91 to 180 days was consistent with the primary findings among patients who took clopidogrel for 6 months or less or for more than 6 months.
In addition, for the entire cohort of patients taking clopidogrel after hospital discharge, the rate of adverse events was 1.20 per 1000 patient-days in the initial 90 days, which then decreased to a background rate of approximately 0.50 per 1000 patientdays for the interval of 91 to 360 days. In comparison, there was an increase in the rate of adverse events following clopidogrel cessation (1.31 per 1000 patient-days for the interval of 0-90 days) among patients who were event-free prior to stopping treatment with clopidogrel. Therefore, the rate of adverse events in the initial 90 days after stopping treatment with clopidogrel was higher than both the initial and background rates of adverse events for patients still taking clopidogrel, further supporting a clustering of events after clopidogrel cessation.
PCI-Treated Patients With ACS
Of the 2805 patients hospitalized for ACS and who received PCI, there was documentation in the chart that 2634 patients (93.9%) were to be discharged with posthospital treatment with clopidogrel. Of these patients, 2303 (87.4%) filled their prescription for clopidogrel through the VA outpatient pharmacy. Clopidogrel refill prescription data was available on all of these patients. During follow-up, 1569 stopped clopidogrel and were eventfree prior to stopping treatment with clopidogrel, yielding the PCI-treated patient cohort for the study.
The mean (SD) age of the PCItreated patients was 63.5 (11.1) years, and a sizeable proportion had a prior car-DEATH AND AMI AFTER STOPPING CLOPIDOGREL ©2008 American Medical Association. All rights reserved. diac history and coexisting chronic conditions (Table 1) . Approximately twothirds of these patients (n=984; 62.7%) received a bare metal stent while onethird (n=585; 37.3%) received a drugeluting stent. The majority of patients received a bare metal stent because the study period spanned the time when the drug-eluting stent was first introduced into clinical practice. The mean (SD) duration of clopidogrel therapy following hospital discharge was 278 (169) days and the median was 281 days, with 87.9% of the patients taking clopidogrel for more than 3 months, 75.5% taking clopidogrel for more than 6 months, 59.5% taking clopidogrel for more than 9 months, and 36.8% taking clopidogrel for more than 12 months.
Among the PCI-treated patients, the mean (SD) follow-up after stopping treatment with clopidogrel was 203 (148) days; median was 160 (interquartile range, 109-262) days. The combined end point of all-cause mortality (n = 68) or AMI (n = 56) occurred in 7.9% (n = 124) of the patients, with 58.9% (n=73) of the events occurring during 0 to 90 days, 23.4% (n=29) occurring during 91 to 180 days, and 6.5% (n=8) occurring during 181 to 270 days after stopping treatment with clopidogrel (Figure and Table 2 ). The incidence rate per 1000 patient-days of follow-up during each 90-day interval after stopping treatment with clopidogrel was 0.57 (95% CI, 0.45-0.72 for 0-90 days), 0.33 (95% CI, 0.23-0.47 for 91-180 days), and 0.19 (95% CI, 0.09-0.37 for 181-270 days) (P Ͻ .001 for comparison between the 3 time intervals).
In multivariable analysis, including adjustment for total duration of clopidogrel treatment following hospital discharge, the interval of 0 to 90 days after stopping treatment with clopidogrel was associated with a significantly increased risk of adverse events compared with the interval of 91 to 180 days (IRR, 1.82; 95% CI, 1.17-2.83) among PCI-treated patients with ACS. Because the study spanned the time when drug-eluting stents were first introduced, only a minority of patients had received a drug-eluting stent and there was a small number of events after stop- Abbreviation: CI, confidence interval. a There were 9 events and 5 events in the medically treated and PCI-treated groups, respectively, in the time interval of more than 450 days.
Figure. Risk-Adjusted Instantaneous Incidence Rates of Death or AMI Over Time After Stopping Treatment With Clopidogrel Among Medically Treated and PCI-Treated Patients With ACS Using Multivariable Cox Regression Models
DEATH AND AMI AFTER STOPPING CLOPIDOGREL ping treatment with clopidogrel among patients with a drug-eluting stent (n = 42), limiting the ability to perform multivariable subgroup analysis; however, there was a similar trend of increased adverse events (n=23) in the 0 to 90 days after stopping treatment with clopidogrel for patients with a drug-eluting stent. Among the patient subgroup with a bare metal stent, the findings of increased risk of adverse events in the interval of 0 to 90 days after stopping treatment with clopidogrel were consistent with the overall results (IRR, 2.14; 95% CI, 1.23-3.74).
COMMENT
To our knowledge, this is the first study to evaluate patterns of adverse events after clopidogrel cessation in a national cohort of patients with ACS. In particular, we were able to study medically treated ACS patients, allowing for assessment of adverse events after stopping treatment with clopidogrel without the confounding factor of a coronary stent. We found a clustering of significantly higher risk of death or AMI in the initial 90-day period after stopping treatment with clopidogrel compared with later follow-up intervals. These findings were consistent among patient subgroups including those who took shorter vs longer durations of clopidogrel therapy, among patients with and without diabetes, as well as among PCI-treated ACS patients. In addition, the rate of adverse events in the initial 90-day interval after stopping treatment with clopidogrel was higher than the rate of adverse events following hospital discharge while patients were still taking clopidogrel. These findings support the hypothesis of a rebound hyperthrombotic period after stopping treatment with clopidogrel and highlight the need for additional studies to confirm these findings, to better understand the pathophysiology of this phenomenon, and to identify strategies to attenuate this effect. There is in vitro and physiological evidence to support a short-term increase in platelet activation and associated thrombotic risk immediately after stop-ping antiplatelet therapy. Serebruany et al 26 noted increases in platelet activity as assessed by conventional aggregometry, Ultegra analyzer readings, expression of glycoprotein IIb/IIIa, Pselectin, and platelet endothelial cell adhesion molecules following withdrawal of nonsteroidal anti-inflammatory drugs and cyclooxygenase 2 inhibitors. In addition, 2 other studies found significant increases in prothrombotic and proinflammatory platelet activity following cessation of clopidogrel or prasugrel among patients receiving dual antiplatelet therapy. 25, 27 While additional studies are warranted to confirm the mechanism, our study provides epidemiological evidence consistent with current physiological data of rebound platelet activation following clopidogrel withdrawal.
The results of this study add to the literature supporting a rebound phenomenon following antiplatelet agent withdrawal. In particular, the results compliment prior aspirin studies in which cessation of use was associated with an increased risk of cerebrovascular and cardiac events compared with continuous aspirin use. [7] [8] [9] However, aspirin is generally recommended for indefinite use in cardiac patients whereas clopidogrel is recommended for a specific course of therapy, enhancing concern regarding a potential rebound effect.
The results of this study also compliment the Single High-Dose Bolus Tirofiban and Sirolimus-Eluting Stent vs Abciximab and Bare-Metal Stent in Myocardial Infarction (STRATEGY) study, which reported a clustering of death or nonfatal MI in the first 30 days after stopping thienopyridine therapy among patients treated with a drugeluting stent or bare metal stent for STelevation MI, consistent with our data. 17 Limitations of the STRATEGY study included small sample size (n=175), relatively short duration of thienopyridine treatment (approximately 6 months), and patients received a coronary stent, suggesting a mechanism related to the stents as the likely etiology of adverse events. Because we observed an increase in the incidence of adverse events following clopidogrel cessation among medically treated patients with ACS without a stent, a mechanism unrelated to stenting is implicated. Taken together, the findings of our study coupled with prior studies on aspirin, the STRATEGY study, and physiological studies support the hypothesis of a rebound phenomenon after stopping treatment with clopidogrel.
There are other potential explanations for the increased number of early adverse events after stopping treatment with clopidogrel noted in our study. For some patients, the clinician may have stopped clopidogrel early due DEATH AND AMI AFTER STOPPING CLOPIDOGREL ©2008 American Medical Association. All rights reserved. to clinical deterioration, other reasons such as bleeding, or both. These patients still could have unstable plaques following recent ACS hospitalization and withdrawal of effective anti-platelet therapy could lead to increased thrombotic risk. However, this is unlikely the case for the majority of patients in our study because more than 80% of patients took clopidogrel for at least 3 months. Moreover, secondary analysis excluding patients with bleeding events after index ACS hospitalization did not alter the primary findings. Furthermore, the magnitude of risk in the initial 90 days following clopidogrel withdrawal was consistent whether patients took clopidogrel for 3, 6, 9, or more than 9 months, supporting that the association was independent of the clopidogrel treatment duration. Finally, patient nonadherence to therapy may potentially explain increased events following clopidogrel withdrawal. However, we adjusted for statin adherence in our multivariable analyses and the increased event rate in the interval of 0 to 90 days after stopping treatment with clopidogrel was consistent, further reinforcing the primary study findings.
Limitations
There are important considerations in interpreting the results of this study. Ascertainment of clopidogrel use was based on pharmacy dispensing data. However, we had detailed pharmacy use data for the majority of patients; and pharmacy dispensing data are a validated measure of medication adherence and is strongly correlated with a broad range of patient outcomes. 28, 29 Second, our cohort was predominantly male veterans and our findings should be replicated in other cohorts. However, this was a real-world cohort for a large integrated health care delivery system. Third, we did not have data on cause-specific mortality or recurrent MI events outside the VA. However, we had complete ascertainment of vital status, and the association between increased MI events and the interval of 0 to 90 days after stopping treatment with clopidogrel was consistent with our mortality findings, supporting a cardiac-specific cause for the events. Moreover, we would expect that recurrent hospitalizations for MI outside the VA would tend to bias the results toward the null. Fourth, we do not have information on reasons for stopping treatment with clopidogrel, but potential reasons include the end of the prescribed course-the expected reason for most of the patients-or the occurrence of complications from the medication, such as bleeding. When we excluded patients with bleeding in the secondary analyses, the results did not change. Future prospective studies should assess the reasons for clopidogrel cessation as well as determine the mechanisms of early adverse events. Future studies also should assess event rates after stopping treatment with clopidogrel among patients taking longer durations of therapy (eg, Ͼ12 months), and among patients with drug-eluting stents given the small proportion of patients with drug-eluting stents in our cohort.
Fifth, we excluded the small proportion of patients who had an event while receiving treatment with clopidogrel because these events were unrelated to a potential rebound effect. This exclusion may have resulted in a lower risk study population, but we did not have adequate numbers of these patients or follow-up (because such patients often start a new course of clopidogrel) to evaluate them as a subgroup. Finally, as with any retrospective cohort study design, we cannot conclude causality and suggest that additional studies are needed to confirm the association found in our study of an increase in adverse events after stopping treatment with clopidogrel.
Clinical Implications
There are several potential implications of this study. Even though the absolute event rates were low, the relative increase in adverse events in the early period after stopping treatment with clopidogrel was nearly 2-fold higher than later periods. In addition, the absolute number of adverse events attributable to this event clustering is significant when extrapolated to a population level, considering the number of patients admitted with ACS and discharged with posthospital treatment with clopidogrel therapy both in the United States and worldwide. 30 These findings, however, do not necessarily offset the benefits of clopidogrel therapy. Rather, additional studies are needed to confirm the presence of the event clustering after cessation of clopidogrel and to better understand the pathophysiology of this phenomenon. If these findings are subsequently confirmed, guideline recommendations may need to be reconsidered in terms of duration of clopidogrel therapy and perhaps the means of drug cessation. One consideration would be to continue clopidogrel for an extended period or indefinitely, like aspirin, to avoid the potential rebound effect. However, such a recommendation would need to consider the increased risk of bleeding with prolonged dual antiplatelet therapy as well as the cost-effectiveness of such a strategy. 31, 32 Alternatively, various strategies could be evaluated to attenuate the rebound effect, such as tapering of clopidogrel therapy, bridging clopidogrel cessation with higher dose aspirin for a given period, or using alternative antiplatelet regimens such as ticlopidine. 33 All of these potential approaches would require formal study before any specific recommendation could be made.
In conclusion, we observed a higher incidence of death and AMI during the initial 90-day period after stopping treatment with clopidigrel in a national cohort of medically treated and PCItreated patients with ACS. The findings of this study, coupled with prior physiological studies, support the hypothesis of a possible clopidogrel rebound effect from rebound platelet activation following clopidogrel withdrawal, although we did not have information on cardiovascular mortality or reasons for stopping treatment with clopidogrel. These results highlight the need for additional studies to confirm the cluster-ing of events after stopping clopidogrel, to confirm the mechanism of this phenomenon, and if confirmed, to identify strategies to attenuate this effect.
